are related to chirp and wavelet transforms, lead to the notion of fractional Fourier domains. The concept of filtering of signals in fractional dom a i n s is developed, revealing that under certain conditions one can improve upon the special cases of these operations in the conventional space and frequency domains. Because of the ease of performing the fractional Fourier transform optically, these operations are relevant for optical information processing.
INTRODUCTION
Whenever we are confronted with an operator, it is quire into the effect of repeated applicatiom of that operator, which might be considered as its integer powers. A further extension is to inquire what meaning may be attached to fractional powers of that operator. The fractional Fourier transform was defined mathematically by McBride 2 as Bo(2,t') = a(x -2') and B2(2,2') = a(2 + x') 1. Basis functions in the ath domain, be they delta functions or harmonics, are in general chirp functions in any other (a')th domain.
2.
The representation of a signal in the ath domain can be obtained from the representation in the (u')th domain by taking the inner product (projection) of the representation in the (a')th domain with basis functions in the target ath domain. 3. This operation, having the form of a chirp transform, is equivalent to taking the (a -u')th fractional Fourier transform of the representation in the (a')th domain.
The relationship of fractional Fourier transforms to chirp transforms provides the basis of the concept of fractional domains, which are generalizations of the conventional space and frequency domains. The relationship to wavelet transforms is discussed in [6].
FILTERING IN FRACTIONAL DOMAINS
Now we move on to discussing filtering in fractional domains. We will see that under certain circumstances, noise separation can be realized effectively in fractional Fourier domains: Fractional Fourier transforms can be used to separate signals which cannot be separated in ordinary coordinate and frequency domains. For instance, consider the signal and noise components shown in Fig. 1 . Their projections on both coordinate and frequency axes overlap, however, their projections on the axis corresponding to the ath fractional Fourier domain do not.. Thus, the signal can be separated from and can be blocked out by another simple mask. Finally, we take the 0.5th transform to come back to our home domain (part d), where we have recovered our
Gaussian signal, with a small error. The examples above have been limited to chirp distortions which are particularly easy to separate in a fractional Fourier domain (just as pure harmonic distortion is particularly easy to separate 'in the ordinary Fourier domain). However, it is possible to filter out more general types of distortion as well. In some cases this may require several consecutive filtering operations in several fractional domains of different order [6] . There is nothing special about our choice of Gaussian signals other than the fact that they allow easy analytical manipulation. Also, there is nothing special about the 0.5th domain. It just turns out that this is the domain of choice for the examples considered above..
In the above examples we have demonstrated that the method works, but did not discuss what led us to transform to a particular domain and what gave us the confidence that doing so will get rid of the distortion.
